Effect of Hydroxyapatite Reinforced with 45S5 Glass on Physical, Structural and Mechanical Properties  by Zarifah, N.A. et al.
 Procedia Chemistry  19 ( 2016 )  30 – 37 
1876-6196 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of School of Materials and Mineral Resources Engineering, Universiti Sains Malaysia
doi: 10.1016/j.proche.2016.03.008 
ScienceDirect
5th International Conference on Recent Advances in Materials, Minerals and Environment 
(RAMM) & 2nd International Postgraduate Conference on Materials, Mineral and Polymer 
(MAMIP), 4-6 August 2015 
 
Effect of hydroxyapatite reinforced with 45S5 glass on physical, 
structural and mechanical properties 
N.A. Zarifaha, K.A. Matoria,b*, H.A.A. Sideka , Z.A. Wahaba, M.A. Mohd Salleha, N. 
Zainuddinc, M.Z.A. Khiria,b, N.S. Farhanaa,b and N.A.S.Omara,b 
a Department of Physics, Faculty of Science, Universiti Putra Malaysia Selangor, UPM Serdang, Selangor 43400, Malaysia 
b Materials Synthesis and Characterization Laboratory, Institute of Advanced Technology, Universiti Putra Malaysia Selangor, UPM Serdang, 
Selangor 43400, Malaysia 
c Department of Chemistry, Faculty of Science, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia. 
 
 
 
 
Abstract 
 
This paper presents a study of physical and structural properties of Hydroxyapatite (HA) reinforced with different compositions 
of 45S5 (SG) bioglasses at different sintering temperatures. Hydroxyapatite reinforced with different compositions of 45S5 
bioglasses had been prepared and investigated in terms of density, mechanical strength, and crystalline phases. A decrease in the 
density of HA was observed after the incorporation of SG, owing to the trapping of air in the SG reinforced HA after sintering 
process. When compared to the pure HA, different crystalline phases, such as E-tricalcium phosphate, calcium phosphate silicate 
and sodium calcium phosphate, were detected when different compositions of SG were incorporated into the HA 
© 2016 The Authors. Published by Elsevier B.V. 
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5. Introduction 
 
Hydroxyapatite (HA) with chemical formula Ca5(PO4)3(OH) is a form of calcium phosphate. This material has 
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similar structure to the mineral phase of bone1. Almost 70% of the amount biological apatite found in the bone by 
weight. HA has been classified as one of the best biocompatible and bioactive material, therefore it has been used in 
many biological applications such as bone repair scaffolds. However HA is not suitable used in load bearing 
applications due to their properties which is brittless, low tensile strength, poor impact resistance and fracture 
toughness compared to bone. The use of HA in load bearing parts can be explored by providing the strength and 
toughness of HA. By reinforcement bioglass (BG) into HA perhaps a suitable fabrication techiques to improves the 
properties. BG are silica based glasses that are able to bind to bone and has the advantages as a promising scaffold 
material. BG are synthetic amorphous materials with high biocompatibility2. Due to this specific property, they can 
be used as implant materials in the human body in order to replace and/or repair diseased or damaged bone in 
orthopaedic, cranio-maxillao facial and periodontal surgeries as well as a filling material for human teeth [2]. 45S5 
bioglass is a type of bioactive glass that composed: 45% SiO2, 24.5% CaO, 24.5% Na2O and 6% P2O5 
Demirkiran et al., 3  researched on calcium and sodium phosphates and silicates and HA with SG co-sintered 
bioceramics. They found that by sintering different amounts (1, 2.5, 5, 10, and 25 wt. %) of SG with HA at 1200 oC 
for 4 h yield new crystalline phases. They found that by the addition of small amounts of SG (5 < wt. %) it behaved 
as a sintering aid and also enhanced the decomposition of HA to ȕ-tricalcium phosphate (E-TCP). While, with the 
addition of 25 wt.% SG resulted in the formation of Ca5(PO4)2SiO4 and Na3Ca6(PO4)5 in an amorphous silicate 
matrix respectively. 
Knowles et al., 4 have studied on the effects of sintering on glass reinforced HA. The samples consisted 2% and 
4% of glass incorporated into HA and were sintered at a variety of temperatures (1200, 1250, 1300 and 1350 °C). 
They found that glass is very reactive at high temperatures and so usually glass causing breakdown of some of the 
HA in order to form a secondary phase which gave an impact on the linear shrinkage. No secondary phase was 
detected in the samples with 2% bioglass addition. However for 4% bioglass addition, the presence Eand DTCP is 
observed and it also affected the linear shrinkage by increased the volume. They concluded that bioglass act as 
sintering aid and help eliminated the porosity in linear shrinkage result. Thus, it's also contributed in increased of 
mechanical properties. In this study, reinforcement of HA with the incorporation of 45S5 glasses within the system, 
perhaps is a suitable choice for improving its properties. The aim of this research was to gain a better understanding 
on the effect of SG towards physical and structural properties of HA at different compositions. 
 
 
 
 
 
6. Materials and Methods 
 
The sample glass (SG) was prepared by melting and water quenching process. Chemical with weight 
compositions: 45% SiO2, 24.5% CaCO3, 24.5% Na2CO3 and 6% P2O5 were weighed accurately using an electronic 
balance and thoroughly mixed by ball milling process at 500 rpm for 20 h. Then, the batch was melted in alumina 
crucible at 1380 °C for about 3 hours soaking time and heating rate 10 °C/minutes. Then, the molten samples were 
rapidly quenched in water. The obtained frits were dried overnight at room temperature. After the drying process, 
the glass frits were crushed and ground and sieved at θγ ȝm. The prepared SG5 and commercial HA powder were 
ground and sieve at θγ ȝm seperately before mixing process. The mixed powder, then thoroughly mixed by ball 
milling process at 300 rpm for 20 h. One gram of powder was placed into a steel die and was uniaxial pressed ~5 
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tonnes by hydraulic press until a cylindrical pellet was formed in order to give 13 mm diameter compacted discs. 
The pellets were sintered at 800°C in an electric furnace for 3 hours. This temperature was selected based on the 
literature which stated that secondary phase start crystallized at 800 °C sintering temperature6,7. Besides that, this 
temperature was decided based on the results of SG as discussed previous studies5 The densities of these glasses 
were determined using the Archimedes‘s method with ethanol as the immersion liquid using electronic densimeter 
Alfa Mirage MD-3005. The crystalline phases of samples were determined by X-ray Diffractometer (PANalytical 
(Philips) X‘Pert Pro PW γ040/θ0). Infrared (IR) spectra were recorded using Fourier Transform Infrared 
Spectroscopy (FTIR) in the frequency range 280-4000 cm-1 at room temperature.Microvicker hardnesses of the 
investigated samples were measured using an AVK-C2 hardness tester (Akashi division of Mitutoyo, Kanagawa, 
Japan) that utilized Vickers indentation by putting a load of 0.3 kgf for a dwell time of 15s. 
 
 
7. Results and Discussions 
 
XRD spectra of the bare HA sample and HA samples incorporated with different compositions of SG are 
presented in Fig 1. The HA sample subjected to sintering at 800 °C has shown the presence of HA (Ca5(PO4)3OH). 
While SG sample sintered at 800 °C, anorthic-Na2Ca3Si6O16 (Sodium Calcium Silicate) and orthorhombic-NaCaPO4 
(Sodium Calcium Phosphate) crystalline phases was detected5. In the sample that was incorporated with 20% and 
40%  of  SG,  diffraction  peaks  associated  with  orthorhombic-calcium  phosphate  silicate  [(Ca5(PO4)2SiO4]  and 
rhombohedral-E-tricalcium phosphate [E-TCP or (Ca3(PO4)2], which was also known as whitlockite was detected 
along with HA. The detection of E-TCP phase was due to a chemical reaction between the glass and HA during 
sintering, accompanied with dehydration of the HA8. This indicates SG behaves more as a sintering aid and 
promotes the conversion of HA to ȕ-TCP. In the sample incorporated with 60% and 80% of SG, orthorhombic- 
sodium calcium phosphate [NaCaPO4] and Ca5(PO4)2SiO4 phases were detected along with disappearance of the HA 
and E-TCP. It is believed that Ca5(PO4)2SiO4 structure has some relationship to that of HA, Ca5(PO4)3OH whereas 
Ca5(PO4)3OH structure may not be stable without some of the OH positions being filled9. Lu et al.,10 found that 
Ca5(PO4)2SiO4 is a potential candidate material for bone repair which had a greater in vitro apatite-forming ability 
than HA. Somehow, the phase detected is different with SG sintered at 800 °C which is anorthic- Na2Ca3Si6O16 
(Sodium Calcium Silicate) and Orthorhombic- Sodium Calcium Phosphate (NaCaPO4)5. The loss of Na is due to 
decomposition of Na2CO3 from the SG5. It was reported that thermal decomposition of pure Na2CO3, started from its 
melting point (850°C) and continued as the temperature was increased at a very slow rate. From this results its 
shows that all phase obtained are suitable used for biomaterial applications11. 
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Fig 1: XRD spectra of (a) HA (b) SG and HA incorporated with (c) 20% SG, (d) 40% SG, (e) 60% SG and (f) 80% SG. 
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Densities, hardnesses and molar volumes of the HA samples reinforced with different compositions of SG are 
shown in 
Fig 2. Results showed that the inclusion of SG into the HA had caused a reduction in the density of samples This is 
different with Santos et al. which found density increase with SG addition by presence of liquid phase, which would 
lessen interfacial energy and promote kinetic of sintering process12. This may due to a lower density of SG 
compared with HA that will dominate the present system. Besides, decomposition of oxide material in SG might 
happen during sintering process, and thus contributing to the formation of pores and a reducing density with 
increasing compositions of the SG5. In addition, the attainment of a lower density in the samples incorporated with a 
higher composition of SG might be also due to the formation of crystalline phases with interlocking crystals along 
with crystal growth13. 
In the present system the molar volumes show similar behavior toward density. Normally molar volume is 
proportional to molecular weight and inversely proportional with density. This anomalous behavior may be due to 
the rates of change of both density and molecular weight. Though, the rate of decrease in molecular weight is greater 
than the rate of decrease in density. Therefore, the molar volume decreases with increasing of SG. 
In addition, the microvickers hardness (Hv) results indicated that the sample without the reinforcement of 
SG was having a higher Hv other samples with SG as the reinforcement material. The sample with a composition of 
20% SG has the lowest Hv value mainly caused highly connected crystal structure14. The decreased in Hv might be 
related with decreased in density. However as SG >20% the Hv increases while density decreases. According to 
Ramesh et.al, 15 the hardness is not only related with density but grain sizes of sintered samples also contributed to 
effect of hardness. HASG20 sintered at 800 °C has the lowest Hv value which indicate of highly connected crystal 
structure as can be seen in Fig 3. In samples with 20% SG, neck growth can be seen with some of particles with 
sharp edges distribution. While in 40% SG, neck growth and and some of irregular grain shape is observed. While at 
60% and 80% glassy phase with no obvious grain ad neck formation is observed. The increased in Hv as SG 
increases might be attributed with onset of melting which result in breakdown of the interconnected crystal 
microstructure and encouraged the reactive crystallization as well as increased the crystallinity. 
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Fig 2 :Density, Hardness and molar volume of HA reinforced with different compositions of SG. 
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Fig 3: FESEM Images of HA reinforced with SG at different composition (a) HA with 20% SG (b) HA with 40% (c) HA with 60% (d) HA with 
80%. 
 
Fig 4 shows FTIR spectra for the HA sample and the samples incorporated with different compositions of 
SG. The detection of two main bands at 550 cm-1 and 1020 cm-1   as well as a weak shoulder band at 450 cm-1 for the 
3- -1 -1 -1 
HA sample might be attributed to PO4 tetrahedral. The detection of bands at 450 cm , 550 cm , and 1020 cm 
were attributed to the double degenerated O-P-O bending modes, v2, triple degenerated asymmetric O-P-O bending 
modes, and triple degenerate asymmetric P-O stretching mode16 . respectively. The detection of triple degenerated 
asymmetric O-P-O bending modes signified the presence of pure HA while triple degenerate asymmetric P-O 
stretching mode indicated the presence of calcium phosphate11-13. A significant change in the spectra of FTIR was 
observed when SG was introduced into the investigated samples. An increment in the intensity of band at 450 cm-1 
as well as reduction in the intensities of bands at 550 and 1020 cm-1 was observed as the composition of SG was 
enhanced. This could be related to the replacement of Si with P that has a higher atomic weight15 . This band could 
be compared with the Si-O-Si vibration between the SiO4 tetrahedra17. Besides, this band might overlap with the v2 
36   N.A. Zarifah et al. /  Procedia Chemistry  19 ( 2016 )  30 – 37 
4 4 
O-P-O bending modes in the phosphate groups. Nevertheless, the P-O bonds, which should be detected in a lower 
frequency range could be detected at higher frequencies in the form of harmonics since the IR spectra was not 
detecting vibration below 400 cm-1 18. Besides, additional band at 650 cm-1, which could be possibly assigned to O- 
P-O bending vibrations 19 and Si-O-Si bending20 was detected for sample with composition of 20% BG. This was an 
indication that copolymerization might happen between the PO 3- and SiO 4- groups and crystalline phosphate was 
present in the glasses. The detection of bands at 720 cm-1 for samples with 40% and 60% composition of SG could 
be assigned to Si-O-Si bending vibration21, which supported the presence of silica network in calcium phosphate 
silicate. In addition, the band detected at 750 cm-1 was assigned to the P-O-P stretching modes. This finding was 
similar with Higazy and Bride who studied the CO3O4-P2O5 system22. The presence of tetracalcium phosphate at 
sample with 40% BG could be confirmed via the appearance of a band around 950 cm-1. This band could be 
corresponded to the non-degenerated P-O symmetric stretching modes, v1, indicating the presence of HA as well as 
E-TCP in the samples. 
 
 
Fig 4: FTIR spectra of (a) HA and HA incorporated with (b) 20% SG, (c) 40% SG, (d) 60% SG and (e) 80% SG. 
 
Conclusions 
 
In this work physical, structural and mechanical properties of HA reinforced with SG had been explored using 
densities, XRD, FTIR and FESEM. The introducing of SG into HA reduced the density and Hardness value. Besides 
that its also induced the decomposition of HA. It was suggested that by introducing SG into HA decreased the density 
due to the occurrence of decomposition of Na2CO3 from SG. The decomposition of Na2CO3 will produced closed 
pores which will reduced the density of the samples. In addition, new - tricalcium phosphate,  
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calcium phosphate silicate, sodium calcium phosphate were detected in the SG reinforced HA. Introducing SG into HA 
increased as SG increased Hv however still lower when compared with pure HA. Low Hv might be due to highly 
connected crystal while increases in Hv might be attributed with onset of melting which result in breakdown of the 
interconnected crystal microstructure. 
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